CONTEXT AND OBJECTIVE: Children and adolescents who live in situations of social vulnerability present a series of health problems. Nonetheless, affirmations that sensory and cognitive abnormalities are present are a matter of controversy. The aim of this study was to investigate aspects to auditory processing, through applying the brainstem auditory evoked potential (BAEP) and behavioral auditory processing tests to children living on the streets, and comparison with a control group. DESIGN AND SETTING: Cross-sectional study in the Laboratory of Auditory Processing, School of Medicine, Universidade de São Paulo.
INTRODUCTION
Children and adolescents who grow up in socially vulnerable situations comprise a group with special characteristics. They spend at least part of the day in the streets, alone or in groups, have the appearance of being abandoned, with a visible lack of hygiene, and perform humble tasks with the aim of subsistence for themselves and their families. 1 In Brazil, a United Nations report in 2009 emphasized the concern about remedying the problem of children living in the streets, where they become vulnerable to abuse, including sexual abuse and other forms of exploitation. 2 A series of health problems, mainly of a physical nature, has been described in this population. According to Weinreb et al., 3 these children are four times more likely to have asthma, have twice as many ear infections and present nutritional problems 4 and delayed growth. 5 Language abnormalities have also been described, 6 as have psychological disorders. 7 Bassuk and Rubin, 7 for example, reported high incidence of depression and anxiety. In addition to descriptions of physical and psychological disorders, a relationship between chronic physical problems and development alterations in these children has been shown. 8, 9 Cutuli et al., 9 for example, investigated the prevalence of asthma and the correlation with behavioral abnormalities. These authors found that cases of asthma were three times more prevalent than the national average, and that they showed a correlation with symptoms of attention deficit and hyperactivity.
With regard to cognitive factors, few studies have been published. Among the few that are available, the results are known to be controversial. [10] [11] [12] [13] Rubin et al., 11 for example, did not find any performance differences in non-verbal tests when comparing street children with children who have homes, despite finding great differences between the groups in terms of academic functions (reading and spelling, among other functions). In contrast, other studies 12,13 found a performance difference in tests mainly involving vocabulary, between children with and without homes. Another matter that is neglected in this population and that also, indirectly, involves cognitive processes concerns the manner in which sensory stimuli are interpreted. In the case of auditory stimuli, this involves processing of auditory information.
According to Katz et al., 14 auditory processing is what people do with what they hear. Cognitive functions relating to attention and memory are also involved and need to be unimpaired for the auditory processing to be executed successfully. 15 Tests known as "auditory processing tests", for example, aim to investigate auditory functions through analyzing specific auditory skills such as localization, discrimination and ordering of different types of sound. Thus, in order for the performance in these tests to have results that can be considered to be "expected", it is necessary not only for the auditory pathway to be complete, but also for the different cognitive functions to be complete.
Several studies [16] [17] [18] [19] have investigated possible risk factors for auditory processing disorders. The factors implicated have included histories of ear infections as well as immaturity of the auditory system due to environmental deprivation. Moreover, the consequences of such disorders, when not remedied, have also been investigated. [20] [21] [22] [23] One theory that has been studied to a moderate extent is that abnormalities in oral language and learning, like dyslexia, may arise from such disorders. 22, 24 There are no descriptions in the relevant literature about investigations of auditory processing in this population. Nevertheless, we are aware of its importance, given the problems that disorders of auditory processing can cause and the risk factors involved, which unfortunately are present among street children.
This being so, the hypothesis that we put forward was that such children would present abnormalities alterations in tests that could be applied. The results from such tests could then be discussed afterwards taking into account the existing relevant literature. Furthermore, considering the fact that children and adolescents can experience different stressful life events, these two groups could be analyzed separately.
OBJECTIVE
The aim of this study was to investigate aspects of auditory processing, through application of the brainstem auditory evoked potential (BAEP) and behavioral auditory processing tests, among at-risk children and adolescents in situations of social vulnerability, in comparison with a control group.
METHOD

Research design and participants
This cross-sectional study was conducted in the Laboratory of The control group was composed of 10 children (7 to 10 years old) and 11 adolescents (11 to 16 years old), matched according to age ( Table 1 After the audiological evaluation, both groups (study and control) underwent behavioral auditory processing tests. In addition to these tests, the brainstem auditory evoked potential (BAEP) test was also applied to the study group, in order to investigate the integrity of the auditory brainstem pathways, and make comparisons with expected standard values. No comparison with a control group was made in this case, given that the expected standard values for this test are broadly accepted.
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Examinations
Brainstem auditory evoked potentials (BAEPs)
The main function of this electrophysiological examination is to evaluate the integrity of the auditory pathway in the brainstem, in an objective manner.
To perform this examination, rarefaction polarity clicks 
Behavioral auditory processing tests
This evaluation was performed in accordance with the standards established by Pereira and Schochat. 30 The auditory skills evalu- Presence of abnormalities in two or more auditory skills 31 is considered to be the criterion for diagnosing auditory processing disorder. All the tests were performed in an acoustic booth, using 
To analyze the data, the results from the behavioral auditory processing tests for the two groups were compared. The statistical analysis was done using the Mann-Whitney test and a significance level of 0.05 (5%). The BAEP results from the study group were compared with the expected standard values. With regard to the required sample size, the power analysis indicated that a sample size of 27 was needed in order to provide a power of 0.80 to detect a statistically significant difference in performance between the two groups (alpha level = 0.05). Table 3 . Comparison between study and control groups relating to the auditory processing tests RE = right ear; LE = left ear.
RESULTS
DISCUSSION
The results showed that the study group presented significantly lower scores than shown by the control group, despite the unimpaired auditory brainstem pathways in the study group, as shown by the normality of the BAEP results. These results were the same for both age groups (children and adolescents). According to several studies, both children and adolescents in socially vulnerable situations can experience different stressful life events. Whereas children have higher rates of asthma, 3, 9 for example, adolescents have complaints relating to accidents, learning 6 and psychological problems 7 like anxiety and depression. Nonetheless, the results from both tests, for both children and adolescents, were similar. There were differences relating to only one of the auditory processing tests (memory test for verbal sound), in which the adolescents showed significantly poor performance, compared with the control group. These results are perhaps related to the fact that both groups had deficits in the same characteristic, like cognition or attention, which are abilities related to performance in the auditory processing tests.
The unimpaired nature of the auditory brainstem pathway shows that, probably, none of the variables commonly correlated with the quality of life of this population, like malnutrition, ill-treatment and lack of stimulation were capable of interfering with these individuals' neuroanatomical development.
This result is odd, given that this pathway is not fully developed at birth and that, according to several studies, its appropriate development comes through stimulation, genetic background and general health.
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We did not know with any certainty for how long each child had been living in the streets and, therefore, the extent to which the study group had been insufficiently stimulated. Nevertheless, the results from the present study can be corroborated by studies performed on animals. In a study by Hartmann et al., 36 it was shown that the difference in tonotopic gradient of the auditory pathway between a group of adult congenitally deaf cats (i.e. with a complete lack of auditory experience) and a group of cats that could hear, was minimal. These researchers concluded that Table 4 . Percentage distribution of children and adolescents with skill abnormalities in the study and control groups Figure 1 . Distribution of the number of skills presenting abnormalities in the group. Number of skills presenting abnormalities stimulation was not a preponderant factor in its development.
Thus, we can assume that, even though the group in the present study had been in socially vulnerable situations since the first years of life, this factor cannot have been relevant to the development of the auditory pathway, especially regarding BAEPs, which become fully developed at two years of age. [25] [26] [27] [28] 32 Different to the results from the BAEPs, most of the group presented abnormalities in the auditory processing tests (96.3%).
Moreover, the disorder was present mainly in relation to dichotic tasks (digit dichotic and non-verbal dichotic tests) and the skill of auditory closing (speech with noise).
According to Keith and Anderson, 37 for the adolescents. This result clearly shows that the adolescents in the study group presented immaturity of the system, in comparison with the control group. This immaturity can be correlated with episodes of recurring otitis, malnutrition and the very lack of stimulation. All these factors were probably present in this population, as already described in the introduction. [16] [17] [18] [19] Differing from BAEPs, in which the auditory pathway is analyzed neuroanatomically and physiologically, the pathway in the behavioral auditory processing tests is analyzed in a functional manner. Thus, the data in both the tests showed that in spite of the unimpaired nature of the auditory pathway, i.e. absence of anatomical and physiological structural abnormalities, the functioning of the pathway was abnormal. This result corroborates findings from other studies in which it was shown that exposure to stressful situations could impair cerebral functioning, thereby having an impact on the processing of the information. Among the cerebral areas that have been reported to be affected are the corpus callosum and areas in the left hemisphere 38 and frontal areas, 39 which are also areas related to processing of auditory information.
One of the hypotheses for this functional abnormality relates to immaturity, as already mentioned. According to Schochat and Musiek, 32 even though the peripheral auditory system is practically ready at birth, myelination of the auditory pathways proceeds over the years, thus reflecting differences in BAEP values until reaching around two years of age and until 10-12 years of age in relation to auditory skills, as tested in the behavioral auditory processing tests. This observation may explain the different results from the two tests. It is possible that the situation to which the group was exposed at the time of this study may have influenced the maturation processes that were still occurring and which were shown in the behavioral auditory processing tests.
On the other hand, maturation only needed to occur over the first two years of life for BAEPs to be completed, and it may have been that at that age, the study group was not yet exposed to all the risks to which these individuals were exposed at the time of this study.
In addition to the immaturity of the auditory system, another hypothesis can also be put forward in relation to the results from the auditory processing evaluation. As already mentioned in the introduction, for the performance results from the behavioral auditory processing evaluation to be at the "expected" level, not only has the auditory pathway to be unimpaired, but also several cognitive functions need to be unimpaired. The latter were not analyzed separately in the present study, but it is known that abnormalities of this type can occur in this group, although this finding is controversial. [10] [11] [12] [13] Some authors, for example, have mentioned a delay in development and weak performance in tests mainly involving vocabulary, 12,13 while others have not found any abnormalities in relation to non-verbal skills.
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There is also controversy surrounding the skills considered in the formal tests. 1 According to these authors, the cognitive development of these children should also be understood within their contextualized form, since their experiences in the streets allow different skills and forms of reasoning to be practiced. These are not necessarily congruent with the skills measured in formal studies on cognition. Moreover, some functions that are analyzed can be directly affected by continuous use and abuse of drugs, a practice that was present in the lives of some of these children. 40, 41 Considering the group in question, it cannot be concluded that the abnormal results from the behavioral auditory processing test reflected cognitive abnormalities. Even so, it is important that this hypothesis should be considered, given that some studies have indicated this problem. Moreover, it is also important that comparisons relating to the profile of the study group should be made such that populations of the studies conducted in other countries can also be taken into consideration. Therefore, it needs to be taken into account that there are cultural and economic differences between the studies cited here, which may in some manner interfere with the characteristic profile.
In addition to cognitive skills, the attention variable may also have influenced the results from the behavioral auditory processing tests. According to Alves, 1 the street situation is also related to fluctuating attention levels consequent to the variety of stimuli present, exercising of work activities, care relating to too much exposure and constant mistrust.
Another important factor present in the study group was school complaints. It is known that this is the main reason for referring children for auditory processing evaluation, 18 and this is in accordance with the great number of studies that have reported abnormalities relating to learning and auditory processing.
22,24
The results from the present study therefore corroborate this hypothesis and show the importance of diagnosing and treating these abnormalities as a possible means of attempting to reduce school absenteeism.
CONCLUSIONS
This study showed that children and adolescents in socially vulnerable situations had poor performance in comparison with a control group, in behavioral auditory processing tests, even though their auditory brainstem pathways were unimpaired, as shown by the normality of the BAEP results. The importance of this result lies mainly in repercussions from such abnormalities in relation to several characteristics of oral and written language acquisition and their interference in the quality of life of this population. Future research is required, in order to investigate better the manner in which the profile of this group can affect the abnormalities found.
